Although multiple cross-sectional and longitudinal studies have established that sleep problems and behavioral difficulties are associated in children, the directionality of this association and whether sleep problems are differentially associated with different types of childhood behavioral difficulties are unclear. Understanding these associations will inform the focus and timing of interventions.
S leep problems have been estimated to affect up to 2 in 5 children during the elementary school years and are associated with a range of poorer child health and education outcomes as well as parent outcomes. 1 One common association demonstrated in cross-sectional and longitudinal studies is the link between child sleep problems and behavioral difficulties, such as internalizing and externalizing difficulties. 2 However, the directionality of this association over time and whether there are differences based on the type of behavioral difficulties that children may experience are poorly understood. Addressing this knowledge gap will provide valuable information to inform the focus and timing of interventions aiming to improve children's sleep and behavior during the elementary school years. Previous cross-sectional and longitudinal research studies have highlighted the need to understand the directionality of the association between child sleep problems and behavior difficulties. [2] [3] [4] [5] [6] A growing but limited number of studies have addressed this area to date. Jansen et al 7 studied 4782 infants and found that parent-reported sleep problems at 2 and 12 months were associated with higher anxiety levels at 3 years as measured by the Child Behavior Checklist but that the reverse association was not present. Williams et al 8 found a bidirectional association across the infant/preschool years between parent-reported child sleep and emotional regulation assessed using the Short Temperament Scale for Children in 4109 Australian infants and children. In older children, a study of 120 eight-year-olds found sleep problems had a reciprocal association with later depression and anxiety symptoms observed in children up to the age of 13 years. In a study of 270 children with attention-deficit/hyperactivity disorder (ADHD), Mulraney et al 9 found some evidence of a bidirectional association over a 6-month period between sleep problems as assessed by the Child Sleep Habits Questionnaire and emotional problems but not with conduct problems, with the latter 2 problems measured by the Strengths and Difficulties Questionnaire. In a study of 1420 adolescents, sleep disturbances were associated with an increased prevalence of later generalized anxiety disorder and oppositional defiant disorder, with these conditions also being associated with increases in sleep problems over time. 10 Collectively, these studies suggest that sleep problems may have a reciprocal association with child behavioral difficulties but that there may be variations based on the type of difficulty and the child's age. However, some gaps remain in this evidence. Studies that further elucidate the longitudinal and bidirectional associations between sleep and internalizing and externalizing difficulties examined at multiple time points over regular intervals and using consistent measures will inform the focus and timing of intervention efforts. If sleep problems are associated with greater internalizing and externalizing difficulties over time, then managing sleep problems may be one way of reducing the burden of mental health problems for children and adolescents. This management is particularly important given that half of all mental health difficulties across a life span present before the adolescent years.
11 Conversely, treating internalizing and externalizing problems may help to reduce sleep problems and their associated public health burden in this population. 12,13 Furthermore, taking a life-course approach 14 will inform when interventions should be delivered through enhanced understanding of whether the association changes across childhood, especially at key transition periods, such as the start of elementary or high school. Data from the Longitudinal Study of Australian Children (LSAC), 15 with its 5 biennial data collection time points spanning 10 years that started when children are 4 to 5 years old, are well placed to address these gaps. We therefore aimed to elucidate the longitudinal and reciprocal associations between sleep problems and internalizing and externalizing difficulties within a large, nationally representative sample of Australian children from preschool age to early adolescence using LSAC data.
Methods

Study Design and Sample
Data were drawn from the first 5 waves of the LSAC kindergarten cohort. Detailed information on the prospective study design and sample population is described elsewhere. 15 To recruit a nationally representative sample, LSAC used a 2-stage cluster sampling design to enroll the cohort in 2004. In the first stage, Australian postcodes were sampled after stratifying by state and urban vs rural status to ensure proportional geographic representation. In the second stage, children registered on the Australian Medicare database (which included 98% of all children) within each postcode were randomly selected to participate. Follow-up waves occurred biennially (2004, 2006, 2008, 2010, and 2012 and 80.7; full statistics are available in the eTable in the Supplement), with most factor loadings at 0.60 or greater. Longitudinal measurement invariance was also tested to ensure that the items were tapping the same construct over time. The criteria for partial scalar longitudinal measurement invariance were met owing to adequate model fit when all factor loadings and most item thresholds were constrained to be equal across time.
Internalizing and Externalizing Difficulties
Child internalizing and externalizing behavioral difficulties were defined using the 25-item Strengths and Difficulties Questionnaire, a validated measure of behavioral and emotional problems for children aged 4 to 16 years. 21 Specifically, internalizing difficulties were defined using the 5 items from the emotional problems subscale (score range, 0-10; higher scores indicate greater internalizing difficulties), which asked parents to report on the following behaviors over the previous 6 months: "often complains of headaches, stomachaches, or sickness"; "many worries, often seems worried"; "often unhappy, downhearted, or tearful"; "nervous or clingy in new situations, easily loses confidence"; and "many fears, easily scared." Externalizing difficulties were defined using the 10 items from the conduct and hyperactivity/inattention problems subscales (score range, 0-20; higher scores indicate greater externalizing difficulties). The conduct problems subscale asked parents to indicate whether their child "often loses temper"; "generally well behaved, usually does what adults request"; "often fights with other children or bullies them"; "often lies or cheats"; and "steals from home, school, or elsewhere." The hyperactivity/inattention problems subscale asked about the following behaviors: "restless, overactive, cannot stay still for long"; "constantly fidgeting or squirming"; "easily distracted, concentration wanders"; "thinks things out before acting"; and "good attention span, sees chores or homework through to the end." These definitions of internalizing and externalizing difficulties have commonly been used in previous population-based and clinical research.
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Statistical Analysis
A series of 4 longitudinal, structural equation models were developed to examine the reciprocal and longitudinal associations among the variables of interest. A baseline autoregressive model estimated the cross-sectional correlations among the 3 constructs and the autoregressive paths that represent the continuity of each construct over time. Three transactional models were then estimated that included all potential cross-lagged paths among the following: sleep and internalizing problems, sleep and externalizing problems, and sleep and internalizing and externalizing problems together. Estimating this series of models enabled examination of each type of mental health problem independently as well as together, which is important given the complex transactional associations among internalizing and externalizing problems previously documented. 23, 24 Model fit was assessed with RMSEA and CFI scores and interpreted using common thresholds of good fit (RMSEA, <0.05; CFI>0.95). 25 There was no evidence of a lack of fit for any of the presented models. A series of Wald tests was then used to test the statistical differences between pairs of paths of interest, that is, to establish the extent to which sleep-driven or behavioral problem-driven paths were stronger. Each subscale was also independently examined in post hoc analyses (eFigures 1-4 in the Supplement), and similar patterns of association with the primary behavior constructs were also found in those analyses.
To handle study attrition and missing values in sleep, internalizing, and externalizing problems over the 5 time points, multiple imputation was conducted under a missingat-random assumption to create 40 data sets with pooled results across the data sets presented in the Results section. Sample weights were not used to account for the study design because the statistical software package used, Mplus, does not allow them to be included in multiple imputation analysis and because the available weights account only for absence from entire waves but not for values missing from individual study items. Findings from data with and without multiple imputations were similar; thus, results using multiple imputation are presented herein.
Multiple imputation was performed using Stata, version 14.1 (StataCorp). All other analyses were conducted using Mplus, version 7.4 (Muthén and Muthén). Two-sided P values <.01 were considered statistically significant.
Results
Study Demographics
The 4983 enrolled children had a mean (SD) age of 4. 
Baseline Autoregressive Model
The path estimates showed moderate to high levels of stability in each construct that generally increased over time (Figure 1) . Cross-sectional correlations among the constructs indicated positive correlations between sleep problems and internalizing problems as well as between sleep problems and externalizing problems at each wave. The model accounted for 72.2% of variance in sleep problems, 59.1% of variance in internalizing problems, and 71.8% of variance in externalizing problems in adolescents aged 12 to 13 years.
Transactional Model of Sleep Problems and Internalizing Difficulties
Path estimates showed that sleep problems consistently contributed to increased internalizing problems across the period (Figure 2) . The reverse was not true, with only 1 significant cross-lag path from internalizing problems at 6 to 7 years old to sleep problems at 8 to 9 years old. The model accounted for 68.9% of variance in sleep problems and 51.2% of variance in internalizing problems in adolescents aged 12 to 13 years.
Transactional Model of Sleep Problems and Externalizing Difficulties
Path estimates showed that sleep problems in children 6 to 7 years old contributed to increased externalizing difficulties at 8 to 9 years but not at other time points (Figure 3) . Externalizing problems at each wave were also associated with increased sleep problems at the subsequent wave across the period with the exception of 8 to 9 years to 10 to 11 years. The model accounted for 69.5% of variance in sleep problems and 71.8% of variance in externalizing problems in adolescents aged 12 to 13 years.
Transactional Model of Sleep Problems and Both Internalizing and Externalizing Difficulties
Path estimates reflected those in the prior 2 models, with sleep consistently contributing to both externalizing and internalizing problems across time (Figure 4) . However, the contribution to externalizing problems was attenuated from 6 to 7 years owing to the consistently stronger association between sleep problems and internalizing problems. Externalizing problems were relatively consistently associated with subsequent sleep problems and internalizing problems across time. Internalizing problems were not associated with subsequent sleep or externalizing problems across waves with the exception of internalizing problems at 6 to 7 years old contributing to increased sleep problems at 8 to 9 years. The model accounted for 69.5% of variance in sleep problems, 51.7% of variance in internalizing problems, and 71.8% of externalizing problems in adolescents aged 12 to 13 years.
Pairs of paths were sequentially constrained, and Wald tests were used to test the relative strength of bidirectional associations among constructs at each time lag. The association between externalizing problems and sleep 2 years later and between sleep problems and externalizing problems 2 years later were relatively equal in magnitude at each period with the exception of 6 to 7 years to 8 to 9 years. During that period, the contribution of externalizing problems at 6 to 7 years to sleep problems 2 years later was stronger than the association between sleep problems at 6 to 7 years on later externalizing problems (P = .03, Wald test). For sleep problems and internalizing problems, the association from sleep problems at one time point to internalizing problems 2 years later was significantly stronger (P values <.01, Wald test) at each period with the exception of ages 10 to 11 years to 12 to 13 years, in which the estimates did not significantly differ in magnitude. Sleepdriven paths were stronger in magnitude in relation to later internalizing problems than externalizing problems from ages 6 to 7 years to 10 to 11 years but were not significantly different from ages 4 to 5 years to 6 to 7 years or from ages 10 to 11 years to 12 to 13 years.
Discussion
Principal Findings
To our knowledge, this is the first study to examine the bidirectional association of sleep problems with internalizing and externalizing difficulties in children from the preschool to early adolescent years. Our findings demonstrated a bidirectional association between sleep problems and externalizing difficulties at some ages when measured at 5 time points between ages 4 to 5 years and 12 to 13 years. By contrast, no reciprocal association was detected between sleep problems and internalizing difficulties, with sleep problems being associated with later internalizing difficulties but not vice versa. Although the associations attenuated, these overall patterns remained even when both types of behavioral difficulties were examined simultaneously. These findings demonstrate the differences in the associations of sleep problems with internalizing and externalizing difficulties.
Interpretation in Light of Other Study Findings
Previous research has been conducted to examine the stability of sleep and internalizing and externalizing difficulties across childhood, 20, 26 and longitudinal studies have examined unidirectional associations, such as whether sleep problems are associated with later behavioral difficulties or vice versa. [2] [3] [4] [5] A growing body of research suggests that there is a bidirectional association between sleep problems and behavioral difficulties, with main findings to date obtained in infant populations. 7, 8 Our novel results, using data from 5 time points spanning the preschool and early adolescent years, demonstrated that the association both differed by type of behavioral difficulty and remained relatively stable across transition periods. We found evidence that sleep problems were associated with later externalizing difficulties, and the reverse association of externalizing difficulties being associ- ated with later sleep problems was also present. However, internalizing difficulties were not associated with later sleep problems, although sleep problems were associated with later internalizing difficulties. These findings collectively strengthen the hypothesis that sleep problems contribute to the development of behavioral difficulties in children. 3, 20 However, it also highlights that children with externalizing difficulties are likely to have later sleep problems. A few mechanisms may underpin our findings, especially the differences observed between internalizing and externalizing difficulties. For instance, studies with children from infancy have shown sleep problems to be reciprocally associated with parent-reported emotional dysregulation across early childhood, with early emotional dysregulation often exhibited through externalizing behaviors. 8 In turn, early emotional regulation abilities are implicated in the later development of both internalizing and externalizing problems. 27, 28 The present study's findings also reflect those of prior studies that have suggested that externalizing problems contribute to internalizing problems over time. 23, 24 However, the unique model presented here extends these findings by documenting both the direct contribution of externalizing problems to internalizing problems and also the indirect contribution through sleep problems. Thus, the findings of the present study along with those from studies assessing earlier childhood suggest a mutually exacerbating process of early sleep problems and externalizing behavior that both contribute to later internalizing problems. 8 
Implications for Clinicians and Policymakers
This study has multiple implications for clinical practice. First, the findings demonstrated the stability of externalizing, internalizing, and sleep problems over time, indicating the need for early intervention approaches to manage these common childhood problems. The evidence from this study suggests a developmental pathway through which sleep problems contribute to internalizing and externalizing problems. Externalizing difficulties appear to have both a direct contribution to internalizing problems (but not vice versa) and an indirect contribution through sleep problems. There was robust evidence of a bidirectional association between externalizing and sleep problems from childhood to adolescence, which suggests that interventions focused on sleep should benefit externalizing behavior and, similarly, interventions focused on externalizing behavior should improve sleep. For example, data from a randomized clinical trial focused on the management of sleep problems in 244 children with ADHD found improved ADHD symptom severity and conduct problems for those in the intervention group compared with those receiving standard clinical care. 19 Given the complex associations between mental health and sleep, it is essential that both are routinely assessed and managed in clinical practice.
Strengths and Limitations
The strengths of this study lie in its large populationrepresentative sample, rigorous approach to longitudinal measurement invariance testing of the sleep problem factor, and the complex cross-lagged model design. These models are useful in understanding the longitudinal and reciprocal associations among constructs and, because they account for continuity in the constructs over time, can be considered optimal yet conservative tests of development processes and directions of associations. 29 The study is limited by the use of only parent-reported data. However, for sleep problems, parentreported questionnaires correlate well with objective measures of sleep problems. 30 In addition, statisticians have noted that common method bias may not routinely inflate associations found among variables, as is commonly thought. 31 Still, further studies should seek to replicate these findings with variables collected from different informants (ie, child and parent) as well as with both objective and subjective measures. Studies that collect data at shorter intervals than the biannual periods reported here would also be useful in better understanding the pathways among sleep and behavior problems across time.
Conclusions
Overall, our findings suggest that interventions addressing sleep problems may have the dual benefit of reducing child externalizing and internalizing difficulties during the early years of elementary school. Interventions targeting externalizing difficulties may benefit childhood sleep, but the same is unlikely to be true for interventions targeting internalizing difficulties. 
